Abstract: The interaction of microbial colonization with leaf litter breakdown by the shredder Gammarus roeselii was studied in the littoral of large Lake Constance. In a first step we studied selective feeding of gammarids on leaf litter from three different treatments. Littoral exposed, tap water exposed, and autoc1aved leaves were offered to G. roeselii in standard food-choice assays under laboratory conditions. We found highly selective feeding on littoral exposed leaf litter indicating that microbial conditioning is 'affecting the shredders feeding behaviour. Neither C, N, and P nor protein nor ergosterol content were positively correlated with the relative consumption rates of littoral exposed leaves. For a more detailed study of the microbial conditioning of the leaves oomycetes and fungi were isolated from the littoral exposed leaves. Based on the sequence of internal transcribed spacer (ITS) regions of rDNA, we identified single strains of Fusarium sporotrichoides, Microdochium sp., Ascomycete sp., and Cylindrocladiella parva; two strains of Cylindrocarpon sp.; and three strains of Pythium sp. Subsequently, food choice assays were conducted using the isolated strains by offering autoclaved leaves and leaves colonized with a single strain. Three strains (c. parva, Cylindrocarpon sp. 94-2057 and Ascomycete sp.) were preferred by G. roeselii, while leaves with F. sporotrichoides were avoided. Leaves with each of the three oomycete isolates (Pythium sp.) were neither preferred nor rejected by G. roeselii. Our results suggest that the selective feeding behaviour of G. roeselii is affected by the relative abundance of specific fungal strains. Thus, whether microbial conditioning acts as a repellent or as an attractor for shredders depends on the microbial community on the leaves.
Introduction
Allochthonous organic matter represents an important input into aquatic food webs of lakes (Pace et al. 2004) and rivers (Abelho 2001) . Among different sources of organic allochthonous input leaves constitute a major source in the aquatic food web (Abelho 2001 ). Leaf litter is processed in three overlapping processes: (l) abiotic loss of soluble substances (leaching), (2) microbial colonization (fungi and bacteria), and (3) invertebrate Authors' addresses: feeding and physical abrasion (Abelho 2001 , Gessner et al. 2003 . Invertebrate feeding constitutes a key process for the leaf biomass to enter the aquatic food web, and benthic shredders (e.g. amphipods) are often the most important organisms mediating the processing of leaf material (Webster & Benfield 1986 , Abelho 2001 . During microbial colonization (conditioning), the total nitrogen, phosphorus, and protein content of leaves increases, and the leaves become softer (Barlocher 1985 , Suberkropp 1992 , Gra9a et al. 1993b .
At the same time, microbial biomass associated with leaves greatly increases (Suberkropp et al. 1983) . Various studies (Hieber & Gessner 2002 , Gulis & Suberkropp 2003 , Gessner 2005 have shown that fungi are the most important microbial component on decaying leaf litter in streams. While hyphomycetes were already extensively studied in respect to their role in leaf conditioning in freshwaters (Barlocher et al. 1992) , the role of oomycetes is largely unknown. Oomycetes are known saprophytes or plant parasites in soil and water. They are well represented in freshwater habitats (Nechwata1 & Mendgen 2006 , Nechwatal et al. 2008 and are found on leaf litter in rivers (Barlocher 1991 a, Barlocher 1995 , Dix & Webster 1995 , but have not been tested in shredder feeding assays until now.
The microbial conditioning of leaf litter increases its palatability for invertebrate shredders (Abelho 2001 , Maraun et al. 2003 . Shredders feed on coarse particulate organic material, reducing it to fine particulate organic material, which in turn constitutes a food source for other invertebrates (Gra<;a 1993). Shredders and grazers from terrestrial and running water systems have a higher preference for leaves colonized by fungi, as demonstrated in many laboratory experiments (reviewed in Suberkropp 1992 and Maraun et al. 2003) . These results led to the assumption that microbial colonization in general improves the nutritional quality of leaf litter for shredders. However, amphipod, isopod or collembolan shredders/grazers clearly prefer certain fungal species or strains colonizing leaves over others (Barlocher & Kendrick 1973, Gra<; a et al. 1993a, Gra<; a etal.l994a, Klironomosetal. 1992 ,Maraunetal. 2003 .
Most of the known mechanisms of leaf litter decomposition are based on studies from terrestrial and running water habitats (e.g. Swiftet et al. 1979 , Blair et al. 1990 , Boulton & Boon 1991 , Heneghana et al. 1998 . Little is known about leaf litter conditioning (Federle et al. 1982 , Federle & Vestal 1982 , MilleLindblom et al. 2006 ) and decomposition (Webster & Benfield 1986 , Sabetta et al. 2000 , van Dokkum et al. 2002 in lakes, despite the fact that, Webster & Benfield (1986) indicated that detritus may provide 10 to > 75 % of the total organic input in lakes, and Pace et al. (2004) documented allochthonous inputs into lakes to be a major source for lentic food webs. Moreover, due to the fact that leaf litter enters the lake along the shore, littoral communities receive relatively high allochthonous inputs, and shredders contribute a major proportion to these highly diverse communities (Bohman & Tranvik 2001 .
The genus Gammarus is regarded as a major shredder, particularly in rivers (MacNeil et al. 1997) . In lakes, the importance of Gammarus spp. for leaf litter degradation is less well documented, although Gammarus may contribute substantially to the total littoral community biomass (Mortl 2004 , Baumgartner et al. 2008 . However, only a few experiments have shown that shredding amphipods were responsible for significant leaf mass loss rates in lakes (Sabetta et al. 2000 , van Dokkum et al. 2002 .
We, therefore, aimed in this study to investigate the process of leaf breakdown by shredders from the littoral zone of a large lake and its interaction with microbial conditioning of the leaf material in designed laboratory experiments. For the current study, we assumed that food preference of aquatic shredders depends on the microbial colonization of the leaves. Thus, microbial processes should mediate leaf litter fragmentation rates and thus should to a large degree affect the availability of fine particulate organic material for other invertebrates in the food web. We exposed leaf litter in the littoral of Lake Constance and assessed the changing relative consumption over time for these conditioned leaves in standardized laboratory assays. After three weeks, when the point of maximum consumption of the conditioned leaves relative to the tap water conditioned and the autoclaved leaves was reached, we isolated actively growing fungi and oomycetes from the leaf litter and determined their effects on feeding preferences of Gammarus roeselii (Gervais) . Here the hypothesis was tested, that fungi and oomycetes have a steering role on the preference of the shredder G. roeselii in the early stage of leaf litter conditioning.
Material and methods

Gammarids
Gammarus roeselii (Gervais) was collected with a dip net (mesh size 200 !lm) in the littoral of Lake Con stance near the Limnological Institute. We chose G. roeselii, because it is a common member of the shredder community in the littoral of Lake Con stance (Mortl 2004) . For the experiments we used adult individuals of either sex (body lengths 7-12mm). Animals were starved for 1 day prior to the beginning of each experiment in order to obtain an equal level of starvation of the individuals and the smallest variation in feeding-motivation of G. roeselii; which is an approach consistent with many other studies on gammarid feeding (Klironomos et al. 1992 , ABmann & von Elert 2009 . Gammarid body lengths were measured according to as the distance between the head anterior and the posterior segment of the pleon using a stereomicroscope (Zeiss Stemi 2000-C, Jena, Germany) with a digital imaging system, which is able to follow the curved shape of the animals. All experiments were run on a 12-h photoperiod at constant temperature (15 QC) in a climate chamber.
Leaf litter
Freshly fallen Black Alder leaves (Alnus glutinosa (L.) Gaertner) were collected from the ground in autumn 2003 for experiments with leaf conditioning in lake water, tap water and to produce sterile leaves by autoclaving. In experiments using leaf conditioning with single fungal or oomycete species, the leaf material was collected using a nylon net mounted above the ground in autumn 2005. Black Alder leaves were used because of their ubiquitous presence in the riparian vegetation and their comparatively high initial N content of 2.6 % nitrogen dry wt. (Schmidt 1996) . All collected leaves were air-dried and stored at room temperature in the dark.
Leaf litter conditioning
We applied three different treatments of leaf conditioning: (i) exposure in the littoral, (ii) incubation in tap water, and (iii) autoclaving. While the littoral exposure should mimic the natural leaching and microbial colonization processes, the autoclaved leaves served as a control, where no microbial colonization was allowed. The tap water exposure represents an intermediate treatment, where leaching took place but microbial colonization was lower.
Starting in July 2005, Black Alder leaves were exposed in the littoral of Upper Lake Constance (N 47Q 41.5/; E 9 Q 12.2/) in cages at 0.4 m water depth with contact to the sediment. The cages were constructed of one polyethylene tube (0 = 125 mm, length 31 mm) and covered with gauze (mesh size 30 Ilm) on both sides to exclude shredders from the leaf litter. Each cage was filled with eight leaves, equivalent to approximately 2 g dry wt. of pre-soaked alder leaves. In parallel, in the tap water treatment leaves were exposed to tap water at a flow rate of 4320 I day-I (simulating the continuous water exchanges through waves in the littoral) in three 5-1 containers (approximately 50 leaves per container). For the experiment, which lasted over 5 weeks, leaves from the littoral and the tap water treatment were harvested in a weekly schedule. In contract to these, the autoclaved treatment did not include any long-term incubation but pre-soaked leaves were autoclaved separately (30 min, 121 QC) for each experiment, thus providing leaf material that was physically softened and leached but not chemically modified through microbial colonizers. From leaves from all three treatments equally sized discs (0 14 mm) were stamped by a cork borer near the edges of the leaves to avoid leaf veins. The wet weight of the leaf discs was measured (Mettler AE 240) four times to obtain an error be:low ± 0.1 mg. Prior to each weighting, leaf discs were dipped into deionized water and then dabbed twice with a paper towel to reduce weight fluctuations owing due to excess water on the leaf discs. Although typically dry weight is used in feeding assays (e.g. Gra<; :a et al. 1993b, Gra<; :a et al. I 994a, Rong et al. 1995) , here wet weight was used in order to not affect the microbial colonisation of the leaves.
Food-choice assays with conditioned leaf litter
We performed food choice experiments on a weekly basis over five weeks (i.e. experiments at day 1,7,14,21,28, and 35) . One leaf disc of each of the three leaf disc types was simultaneously offered to one G. roeselii individual in a transparent polyethylene container (Il 0 x 110 x 37 mm) filled with 250 ml filtered (30 Ilm) lake water. The food-preference tests were run for 48 h or until 66 % of one single leaf disc had been consumed, as 237 estimated visually. The consumption rate on each leaf disc was calculated as the difference between the initial and the remaining wet weights of all three leaf discs divided by the exposition time. Relative consumption (percent) was calculated by dividing the consumption of the respective treatment disc by the total consumption summed over all three treatments in the respective container. We calculated relative consumption in order to compare the outcomes of the experiments independently of the total leaf mass consumed.
Isolation of fungi and oomycetes
Fungi and oomycetes were isolated from the littoral exposure treatment at day 21. We chose this sampling day, because we noted relatively high relative consumption on the littoral exposed leaves on that day (after recording elevated relative consumptions for the littoral treatment already at day 7 and 14), which indicated that the microbial colonization on the leaves was palatable for the gammarids.
The leaves, from which fungi and oomycetes should be isolated, were harvested at day 21 and stored in petri dishes (15 QC, 12 h photoperiod) in sterile filtered lake water (0.2 J.lill cellulose acetate filter, FP 30/0.2 CA-S Whatman) until the food choice assay was completed (i.e. on day 23). Pieces of littoral conditioned leaf litter (approx. 2.5 x 2.5 mm) were aseptically cut with a scalpel and transferred to petri dishes containing water agar (2 % agar) with antibiotics (90 mg I-I ampicillin, 150 mg I-I streptomycin sulfate). The leaves provided the carbon source; no other carbon sources were added. The petri dishes were incubated at 20 QC with a 12-h photoperiod for 3 days. Actively growing single hyphae extending over the leaf pieces onto the agar were selected and transferred onto malt extract agar (MEA; 1.5 % malt extract, 2 % agar). Fungal and oomycete cultures were purified from bacteria according to the method described by Abdelzaher et al. (1994) : Fungal and oomycete hyphae grew vertically through MEA containing antibiotics, and bacteria-free hyphae were scraped off the surface of the MEA. With these hyphae new MEA petri dishes were inoculated establishing our stock cultures. The isolates were examined macroscopically (Stereomicroscope; Sterni 2000-C, Zeiss AG, Germany) and preliminarily grouped according to their macroscopic appearance.
Identification of fungi and oomycetes
Mycelium from each of 17 fungal and oomycete isolates was scraped off the MEA and homogenized using a pestle in 50 III sterile water in micro-centrifuge tubes. Chelex 100 resin (10 %, Bio-Rad) was added and incubated for 40 min at 65 QC and for 5 min at 90 QC (Wirsel 2002) . The homogenate was centrifuged (2300 x g, 15 min), and the supematant containing DNA was stored at -20 QC. Intemal transcribed spacer (ITS) regions I and 2 including the 5.8S gene of the ribosomal RNA genes (rDNA) were amplified using the primer pair ITS lIITS4, as described in White et al. (1990) and Gardes & Bruns (1993) . PCR products were separated on 1.5 % agarose gels (70 x 80mm; I xTAE buffer; 45 min, 85 V, 400 mA); bands were visualized with ethidium bromide. When multiple or weak bands appeared on the gels, the DNA was extracted using a DNeasy Plant Mini Kit (Qiagen, Hilden; Germany) according to the manufacturer's protocol and subsequently amplified. Amplified DNA was digested with restriction endonucleases MspI and AluI (Fermentas) according to the manufacturer's instructions in order to identify groups of isolates with identical restriction fragment length polymorphism (RFLP) banding patterns on 3 % agarose gels (70 x 80 mm; I x TAE buffer; 106 min, 70 V, 400 mA). PCR products of isolates showing unique RFLP patterns were sequenced using the above-mentioned forward and reverse primers by Eurofins MWG Operon (Ebersberg, Germany). BLAST was used to identify the closest related species in GenBank. Fungal and oomycete sequences obtained from GenBank were aligned using BioEdit, version 7.0.5.3 (http;L!}Y"w'\:y,mbiQ.ncSll~" eduLBioEditlhioedithtmJ). RFLP analysis and/or comparison of sequence data were used to for classification of the isolates. The sequences obtained during this study were submitted to GenBank® (accession numbers EU637900 to EU637906, and EU669081 to EU669082).
Leaf litter inoculated with a fungal or oomycete species
To determine to what extent each of the nine fungal or oomycete species affects the relative consumption of G. roeselii for leaf litter, we tested the impact of a single fungal or oomyce te species on relative consumption of G. roeselii in a separate experiment. Leaves were soaked in tap water and then auto- Petri dishes were incubated at 20°C with a 12-h photoperiod. When a fungus or oomycete had fully colonized the surface of the petri dish or had grown through the matrix of the leaf (tips of hyphae grew out of or over the cellulose filter, signifying the "fully conditioned phase"; Barlocher 1985; determined visually), the leaves were used in the preference assays. Autoclaved items offered simultaneously to G. roeselii. The three treatments consisted of Black Alder leaves (-e-) exposed in the littoral zone of Lake Constance, (-l' -) exposed to tap water, or (-0-) autoclaved. At the time indicated, leaves were sampled and offered to G. roeselii in food-choice assays. For each sampling date and treatment the median value and the range including 50 % of the data are shown (n = 14-19).
leaves served as the control in the assays. Discs were cut from both types of leaves as described above.
Food-choice assays with leaves colonized with a single species
Here, the effect of fungal or oomycete mycelium on the leaf litter on the consumption by G. roeselii was determined. In two of the four chambers of a grey polyethylene container (108 x 108 x 40 mm), one disc from leaves colonized with a single species and one disc from autoclaved leaves were offered to one G. roeselii individual. In another control assay, two autoclaved leaf discs were offered to G. roeselii. Each chamber contained a stone shelter of approximately 4 g, and the container was filled with 250 ml filtered (30 JJm) lake water. The consumption rate and the relative consumption of G. roeselii for either leaf were calculated as described above.
Leaf parameters
The weekly samples of leaves exposed to the littoral or leaf material colonized with a single fungus or oomycete were pooled, freeze-dried, homogenized with a mortar and pestle, and stored at -80°C. All leaf litter sample measurements were run in duplicate to exclude systematic errors. The particulate organic carbon and nitrogen contents were determined using an NCS-2500 analyzer (Carlo Erba Instruments). Prior to determining particulate phosphorus, samples were digested with a 10 % potassium peroxidisulfate and 1.5 % sodium hydroxide solution at 121°C for 60 min. Soluble reactive phosphorus in each sample was measured using the molybdate-ascorbic acid method (Greenberg et al. 1985) with an autoanalyzer (Technicon). The protein content was measured according to BaerIocher (2005) , and polyphenols were measured photometric ally as described by Barlocher & Gra9a (2005) . Ergosterol was extracted in alkaline methanol at 80°C, followed by a CIs-solid-phase extraction (Sep-Pak® VactC 18 6cc; Waters) according to Gessner (2005) . The extract was quantified by HPLC (LiChrospher® 100 RP-I 8 column, 5 JJm, 250 x 4 mm; Merck Darmstadt; Germany) as described by Gessner (2005) , and the ergosterol was then converted to fungal biomass (ergosterol peak, see Figs I and 2C) using the conversion factor 5.5 mg ergosterol g-I fungal biomass as determined by Gessner & Chauvet (1993) .
Leaf toughness was measured with a penetrometer according to Pabst et aI. (2008) ; five holes were punched near the edge of one of five leaves. We calculated the average force from the 5 measuring points on each leaf.
Statistical analyses
Statistical analysis of relative consumption and absolute consumption rates in the three treatments of the food-choice assays with conditioned leaf litter was conducted by applying resampling statistics following the guidelines given in . The testing strategy in resampling statistics is the same as in classical tests or ANOVA calculating the likelihood that the values in the different treatments come from the same distribution (Null-hypothesis). In comparison to classical tests and ANOVA, resampling statistics do not make any assumptions about the error distribution, and by that the requirement of normally distributed errors relaxes. Since we repeatedly performed the calculations for each day of the experiment and for all days together, we corrected the significance level by a sequential Bonferroni correction according to Holm (1979) . As test statistic for the resampIing test we summed the squared differences between within-treatment-means (Le. for littoral exposed, tap water conditioned and autoclaved leaves) and the grand mean . This test statistic was calculated for the measured consumption rates (called the observation vector). In a second step the observation vector was resampled, i.e. an unrestricted permutation of the values was carried out, and the test statistic was calculated for this resampled vector. According to the recommendations by we performed 10,000 permutations. The p-value is calculated by counting the cases where the test statistic of the resampled vector was equal or higher than the test statistic from the observation value, divided by the number of permutations carried out.
To test for effects of a single fungus or oomycete colonizing leaves, relative leaf consumption in the test assays was compared with relative leaf consumption in the control assays by resampling statistics as described above (in this case by comparing two treatments instead of three).
Spearman rank correlations were used to test for significant correlations between the chemical parameters of leaf litter and the relative consumption. In addition, a sequential Bonferroni correction of the Spearman rank correlation was calculated to account for the number of the tests performed (Holm 1979) .
The calculations for the resampling statistics were performed using R (R Development Core Team, 2006) . The module Nonparametric Statistics from STATISTICA 6.0 was used to calculate the Spearman rank correlation coefficients. Alllevels of significance were set at a = 0.05.
Results
Relative consumption of in-situ conditioned leaf litter by G. roeselii
Resampling statistics of the consumption rates indicated a highly significant treatment effect (i.e. rejecting the Null hypothesis, see Table 1 ). This holds true for the absolute feeding rates as well as for the relative feeding rates and was evident on all sampling days. Even when all sampling days were merged together, the treatment effect was highly significant. The most prominent effect in the temporal development of the relative consumption rates were the increasing relative consumption rates in the littoral exposed treatment starting around day 14 until the end of the experiment (Fig. 1) . G. roeselii prefelTed leaf litter conditioned in the littoral, and the relative consumption differed depending on the exposure time of leaves. Strongly elevated relative consumption in this treatment was observed at day 21 reaching values surpassing 80 %. The relative consumption for littoral-exposed leaves correlated with the total consumption rates of G. roeselii (Spearman R = 0.409, p < 0.001; Spearman rank order correlation, a < 0.05), which suggested that the increased attractiveness of littoral-exposed leaves led to a greater overall feeding motivation (appetite) of the gammarids (Table 2) .
The relative consumption of littoral-exposed leaves was negatively correlated with all leaf parameters, including the contents of C, P, N, total phenol, and protein (Table 3, Fig. 2) . The negative correlation between the N content and preference matches a similarly negative correlation between preference and protein content (Table 3 ). The protein content of the leaves declined in general with a minimum at day 14 (Fig.2C ).
An increase in fungal biomass on leaves was indicated by a six-fold increase in the ergosterol content of leaves during exposure in the littoral (Fig. 2D) . The maximal ergosterol content of 124.4 flg (g dry wt.t' was found on day 28 (Fig. 2D) . The corresponding fungal biomass equalled 22.6 mg (g dry wt.t'. However, the ergosterol content was not correlated with relative consumption (Table 3) , which suggested that not total fungal biomass, but rather fungal impacts on the leaf structure (leaf matrix) or species-specific effects of the fungal and oomycete colonizers determined the preference of G. roeselii for conditioned leaves. We therefore tested the effects of single fungi and oomycete species using strains isolated from leaf litter exposed in the littoral for 21 days, the day of maximal relative consumption for littoral-exposed leaves of G. roeselli.
Seventeen fungal or oomycete strains were isolated from actively growing hyphae on leaves. Gel electrophoresis of the amplified ITS 1, 5.8S, and ITS2 fragments revealed single bands, indicating pure strains. RFLP analysis of the amplified sequences was used to classify the isolates according to RFLP banding patterns. Eight of the isolates had identical patterns, which suggested a relatively high abundance of this species in the littoral fungal and oomycete community on alder leaves. The patterns of two other isolates were also identical, i.e., in total we identified nine different RFLP types, of which DNA sequences were obtained (Table 4) . Seven of the sequences showed at least 97 % similarity to database entries (BLAST) from other studies. Five of the nine RFLP types were assigned to the class Sordariomycetes, one to the Ascomycota, and three to the Oomycetes (Table 4) .
Relative consumption of leaf litter colonized with a single fungal or oomycete strain by G. roeselii
The relative consumption of leaf litter colonized with Fusarium sporotrichoides, Cylindrocladiella parva, Cylindrocarpon sp.94-2057 or Ascomycete sp. PV S08 differed from that of the control, i.e. autoclaved leaf litter (Fig. 3, Table 5 ). G. roeselii preferred Table 5 . Calculated p-values of the comparison of relative consumption by G. roeselii of un-colonized leaves with leaves colonized with fungal or oomycete species by resampling statistics according to followed by a sequential Bonferroni correction (Holm 1979 ). In the test assays, an un-colonized leaf disc and a leaf disc colonized with fungal or oomycete species were offered. In control assays, two autoclaved (un-colonized) leaf discs were offered. Abbreviations from Fig. 3 are given in parenthesis. Significant differences after Bonferroni correction are given in bold. ete-colonized leaf litter used in the food-choice assays. Arithmetic mean (n = 2) values of parameters from colonized leaf litter that did not fall within the standard error (2 SE) of leaf parameters from control leaves (n = 4) were judged as being affected by the colonization of the respective fungus or oomycete. In all cases, colonized leaf material had a higher N content than the control (Table 6) , which corresponded to lower C: N ratios for fungus-or oomycete-colonized leaf litter compared to autoclaved leaf litter. The colonized leaf litter had a higher P content in two out of nine cases and lower C : P ratios in seven out of nine cases (Table 6 ). The leaf toughness of the colonized leaves was lower in all nine cases (Table 6) , which indicated that the effects of fungi or oomycetes on the elemental composition of leaves were associated with a reduction in the mechanical stability of leaf litter. The Spearman rank order correlation between leaf parameters and relative consumption revealed that neither the toughness of leaves nor the stoichiometric parameters N, P, and C were significantly correlated with relative consumption. Neither were protein nor polyphenol content correlated with relative consumption.
Fungus or oomycete colonizing leaves
Discussion
Leaf breakdown is generally rapid in habitats with high invertebrate densities. Shredders are responsible for the transformation of coarse material into fine organic matter, and their activity increases the breakdown rate of leaf litter in both streams and lakes (Merritt et al. 1984 , Kok & van der Vel de 1994 . However, the importance of the shredder Gammarus spp. as consumer of leaf litter in lakes is poorly documented (Sabetta et al. 2000 , van Dokkum et al. 2002 . Gammarids in running waters prefer conditioned over unconditioned leaves (Arsuffi & Suberkropp 1989 , Gra9a et al. 1993a , Gra9a et al. 1994a , Gra9a et al. 1994b one of the major mechanisms determining breakdown rates (Abelho 2001) . Fungal biomass associated with decomposing plant material can exceed 10 % of the total litter mass, and fungal biomass can amount to 90 mg g-I organic mass (dry wt.) associated with alder leaves (reviewed by Gessner et al. 2007 ); therefore, fungi are regarded as key microbial decomposers. In our study, based on the conversion values for ergosterol (Gessner & Chauvet 1993) , the fungal biomass on littoral-exposed leaves ranged between I and 23 mg (g dry wt.t l during exposure, which lies in the same range as values for beech and poplar leaf litter in Lake Con stance (Pabst et al. 2008) .
Here, we report on the interactions between in situ conditioning of leaf litter by fungi and oomycetes in a lake littoral and the relative consumption by a benthic invertebrate shredder in standardized behavioural laboratory assays. To our knowledge, this is the first study that investigates the role of oomycete strains in this microbial conditioning and in food choice assays. We observed that with increased exposure of the leaf litter in the littoral, the relative consumption of G. roeselii shifted from autoclaved leaf litter to leaf litter exposed in the littoral; furthermore, also the total amount consumed by G. roeselii increased (Fig. I, Table 2 ).
Knowing that autoclaving leaf litter has profound impacts on the leaf chemistry, here autoclaved leaves were used as feeding standard in order to justify that any of the leaves will be consumed by G. roeselii. In the food choice assays autoclaved leaves served as feeding control in order to provide leaf material with constant stoichiometry and toughness in all food choice assays. It is reasonable to assume that autoclaving led to the initial preference for the autoclaved leaves as it impacts the chemical composition of litter. However, the observed increase over time of the relative consumption of leaf litter conditioned in the littoral relative to these standardized autoclaved leaves clearly reflects changes due to the exposure in the littoral. Our findings are in accordance with those of Kaushik & Hynes (1971) , who showed that detritivores increased their leaf consumption as the leaves became more conditioned.
Leaf litter constitutes a qualitatively poor food source (Barlocher 1985) for shredders because of its relatively high C: P ratio, which ranges from 215 to 29,900, and the relatively high C: N ratio, which ranges from 11 to 770, compared to the low ratios in the gammarid body (Cross et al. 2005 , Fink et al. 2006 . According to Abelho (2001) and Gra<;a & Zimmer (2005) conditioning leads to changes in chemical composition and physical properties of leaves improving its food quality (Suberkropp 1992 ). In our experiments, neither C, N, and P contents nor the content of ergosterol or protein of the conditioned leaves could explain the observed high relative consumption for littoral exposed leaves of G. roeselii. On the other hand, the negative correlation between C: P ratio and relative consumption suggested a stoichiometric effect. However, we believe that stoichiometric ratios are strongly affected by leaching processes that go in parallel with the conditioning and therefore may interfere with each other in a correlation analysis. Moreover, the experiments with single strains do not support the role of C : P ratios for determining food preferences of gammarids but rather suggest that species-specific processes play an important role. In contrast to this, the chemical composition of leaves undergoing conditioning appeared to be important with respect to their polyphenol content as we found a strong negative correlation between polyphenol content and relative consumption.
Polyphenols, known repellents of vertebrate and invertebrate grazers (Rosset et al. 1982 , Pennings et al. 2000 , distinctly declined over exposure time, coupled with a concomitant increase in the preference of G. roeselii for Black Alder leaf litter (Table 3 , Fig.2A ). Similar declines in tannins and polyphenols have been reported for oak, larch, spruce, and willow leaf litter (Rosset et al. 1982 , Schofield et al. 1998 ). For alder leaves Barlocher et al. (1995) and Canhato & Gra<; a (1996) showed a decline of polyphenols (% polyphenol of dry wt.) from 6 % (day 1) to 1 % (day 28). Our polyphenol values lie in the same range: day 1 with a maximum of 7.3 % and day 35 with 1.7% polyphenol of dry wt. Our results thus nicely comply with the findings from other studies and accordingly suggest that polyphenols in the leaf litter repel G. roeselii. As the polyphenol content decreases during leaf conditioning in the littoral, the repellent effect decreases and the preference of G. roeselii for the leaf litter increases. Noteworthy, the polyphenol content of the tap water conditioned leaves decreased during exposition in a similar way, and this was again associated with increasing preference over time (no other leaf parameters were determined; so we could not draw any conclusions about phylloplane fungi which could have possible colonized the leaves). However, in comparison to littoral exposed leaves, the tap-water conditioned leaves were still negatively selected, which indicated that the structure of the microbial communities on the leaves may play a role here.
According to the reviews by Barlocher (1985) and Suberkropp (1992) increases in the N or protein content of leaf litter lead to an enhanced preference by shredders during leaf decomposition. However, our results of the protein and nitrogen content (negative correlation with the relative consumption) do not corroborate these observations. The protein content of littoral-exposed leaves decreased in general, but the relative consumption of G. roeselii for the littoral exposed leaf litter decreased. Compared to the study of Gessner (1991) , where the protein values ranged from 13 % (% protein of dry wt., day 0) to 22 % (% protein of dry wt., day 42), our values are almost twice as high with 55 % protein of dry wt. (day 1) and 29 % protein of dry wt. (day 14) . Similarly, the nitrogen values reported here (% N of dry wt.) ranged from initially 2.8 % to 3.7 % at day 35 and lie in the same range as values from a (1996) (day 1 = 2.6 % and at day 42 = 3.25 % % N of dry wt.) for alder leaves.
Our results point to the development of microbial biomass on the littoral-exposed leaves (Baldy & Gessner 1997 , Hieber & Gessner 2002 ) that possibly deterred shredders. These findings suggest that the preference by shredders cannot easily be predicted from bulk parameters like protein content but depends on the fungal species that colonize the material.
In streams, fungi account for 88-99.9 % of the microbial biomass on decaying leaves (Kominkova et al. 2000) , and their biomass can exceed 10 % of the total litter mass (Gessner et al. 2007) . In a lake, fungal biomass accounted for ~ 90 % of the total microbial biomass associated with reed (Phragmites australis) (Gessner & NeweII 1997 , Gessner 2005 ). Ergosterol, a major cell wall constituent of fungi, is widely used as a proxy to determine metabolically active eumycotic fungal biomass (Gessner & NeweII 1997 , Gessner 2005 .
In our study, the ergosterol levels increased over exposure time, which suggested an increase in fungal biomass over time. This, however, was not related to the relative consumption of G. roeselii for the leaves, which suggested that eumycotic fungal biomass per se does not drive G. roeselii's preference. These results should be considered with caution, because ergosterol as a proxy often leads to an overestimation of fungal biomass, since it does not necessarily degrade as rapidly after cell death as has been assumed (Zhao et al. 2005) . In addition, since ergosterol is lacking in the cell walls of oomycetes (Weete & Gandhi 1996) , no conclusions on the effect of leaf colonization with these water moulds can be drawn. Our results modify earlier reports on the enhanced preference of gammarids for conditioned leaves colonized by fungi (Kostalos & Seymour 1976, Gras; . We hypothesized that either strain-or taxon-specific fungal effects or the involvement of oomycetes led to the absence of a correlation between preference and ergosterol. Another possibility is that the leaf structure was modified by the fungi and oomycetes by their enzymatic capabilities (Barlocher et a1.1992) , but for the littoral exposed leaves leaf toughness was not measured, so no conclusions could be drawn.
Our results of the chemical parameters of the littoral exposed leaves, which were in most cases negatively correlated with the relative consumption of these leaves (Table 3) , are in contrast to other studies, which have shown increased preferences for conditioned leaf litter with increased amounts of nitrogen (reviewed by Barlocher 1985 and Gras; . It has to be mentioned that the bulk of these studies were done in running water systems with the focus on aquatic hyphomycetes as decomposers. Here, in a lentic ecosystem, we found a different species composition of fungi and oomycetes, which may probably have other effects on the leaf chemistry than previously known from aquatic hyphomycetes. Indeed, the occurrence and ecological significance of oomycetes for litter decomposition has only recently been recognized (Kendrick 2005) . We therefore isolated fungi and oomycetes from littoral-exposed leaves at the time of high preference of G. roeselii for the leaves. The most common method to establish pure cultures of hyphomycetes from fresh waters is to isolate them from natural foams or conidial suspensions from conditioned leaves (Barlocher 1991 b, Dix & Webster 1995) . However, this approach excludes microorganisms that do not form conidia, e.g. non-sporulating fungi and oomycetes. We therefore isolated fungal and oomycete hyphae actively growing on conditioned leaf litter. This innovative approach led to the isolation of six fungal strains and three oomycete strains, which confirms that we did not exclude non-sporulating fungi or oomycetes.
The ITS regions of rDNA have proven to be particularly useful for the separation of fungal taxa at the species or genus level, because the rate of accumulation of mutations in these regions often approximates to the rate of speciation (White et al. 1990 , Gardes & Bruns 1993 . Therefore, we used an ITS-RFLP analysis to classify our isolates into groups of identical banding patterns, with subsequent sequencing of selected members of the groups. Several other studies have shown that RFLP analyses provide a useful tool to distinguish fungal or oomycete isolates from environmental samples (e.g. Brasier et al. 2003 , Neubert et al. 2006 , Nechwatal et al. 2008 . Our isolates thus are likely to represent a significant fraction of the fungal and oomycete taxa actively growing on conditioned leaf litter.
Five of the identified fungal species belong to the class Sordariomycetes, and one to the phylum Ascomycota. Fungi from the class Sordariomycetes grow as decomposers in soil, dung, leaf litter, and decaying wood (Zhang et al. 2006) . Four of the identified Sordariomycetes (Fusarium sporotrichioides; Cylindrocladiella parva; Cylindrocarpon sp.94-2057, Cylindrocarpon sp. 4/97-1) belong to the order of Hypocreales, which includes virulent plant and insect pathogens, as well as mycoparasitic, endophytic, and saprobic species (Barlocher 1991a , Sabetta et al. 2000 , Nikolcheva et al. 2005 . Members of the genus Fusarium have frequently been isolated from decaying plant litter in freshwater (Barlocher 1991a , Dix & Webster 1995 and are endophytes on common reed (Phragmites australis) in Lake Constance (Wirsel et al. 2001) . Cylindrocarpon sp. is common (Wirsel et al. 2001) and Microdochum sp. is the most common fungal species found on reed tissue from Lake Constance (Neubert et al. 2006) . We also isolated three oomycetes from the order Peronosporales (Pythium sp. IN I-b, Pythium litorale, Pythium sp. PV S07), which are known saprophytes or plant parasites in soils and water. Pythium spp. are well represented in freshwater habitats (Nechwatal & Mendgen 2006 , Nechwatal et al. 2008 and are found on leaf litter in rivers (Barlocher 1991 a, Dix In our study the effect of an individual fungus or oomycete on the relative consumption of G. roeselii for conditioned leaf litter was tested. Colonization of the leaf litter by a single strain affected between five and nine different leaf parameters, and these effects were strain-specific. Leaves colonized with C. parva, Cylindrocarpon sp.94-2057 and Ascomycete sp. PV S08 were significantly preferred over control leaves. Since the preference of G. roeselii for colonized leaf litter was not correlated with the putative food quality indicators N, P, and total protein content, the effects are strain specific. Preference for leaf litter colonized with a single fungal strain has been reported earlier (Arsuffi & Suberkropp 1989 ), but those results were obtained in multiple-choice experiments in which leaf litter colonized by different fungi was offered simultaneously to Gammarus spp.: The observed preferences of Gammarus spp. are the difference of attraction to one fungus and repellence by another strain and hence cannot be attributed to a single strain. Such an experimental setup might correspond to leaf litter in a late phase of conditioning, when all leaf litter has been colonized by various fungi. In contrast, we investigated the role of fungi during the early stages of conditioning, and only two choices were offered: leaves with one strain of fungus or oomycete and leaves free of fungi and oomycetes. Our results indicate that certain fungi colonizing leaf litter attract G. roeselli and lead to enhanced rates of shredding, while other fungi repel the grazer.
Three of the six isolated fungi and all three of the isolated oomycetes, however, had no effect on the relative consumption of G. roeselii. Arsuffi & Suberkropp (1989) reported that 2 of the eight tested fungi had an effect on the preference of Gammarus sp., and it is tempting to speculate that the high percentage of strains that had no effect in that study is due to the inclusion of oomycetes. Little is known about the ecological function of oomycetes (Zare-Maivan & Shearer 1988 , Barlocher 1991a , Dix & Webster 1995 . Some may play a significant role in the early breakdown of plant litter and detritus (Brasier et al. 2003) and might be a food source for shredders (Fano et al. 1982) , but the preference of shredders for oomycetes was not determined.
Only one of our species, the fungus F. sporotrichoides, repelled G. roeselii, whereas most of the fungal strains (five of eight) tested by Arsuffi & Suberkropp (1989) were repellent, and, in contrast, Barlocher & Kendrick (1973) reported an increased preference for Fusarium sp. These differences again point towards strain-or species-specific effects of 245 fungi on the preference of Gammarus sp., as has been repeatedly shown (Gra9a et al. 1993a, Gras; a et al. 1994a a et al. , Rong et al. 1995 .
Our study focused on the leaf litter decomposition in a lentic ecosystem. In lotic and lentic studies, generally, comparisons with terrestrial habitats are missing. Edwards (1974) described that the decomposition sequence of leaf litter on soil in a similar way as the one given in Albelho (2001) and Gessner et al. (2003) for aquatic habitats. From earthworms it is known that they prefer conditioned over unconditioned leaves (reviewed by Maraun et al. 2003) , which confirms our and other results for shredders from aquatic habitats. Similarly, collembolans and earthworms have been shown not only to prefer leaves colonized with fungi over un-colonized leaves but as well to discriminate between different fungal species (reviewed by Maraun et al. 2003) . This suggests that the process of leaf litter decomposition in terrestrial and aquatic ecosystems is not as different as assumed.
In running waters gammarids play an important role in leaf litter fragmentation (MacNeil et al. 1997 ; note, however, that gammarids are absent in soft-water, acidic streams). Running freshwaters, like small rivers and streams, are commonly canopy shaded and have large leaf litter inputs. In lakes detritus may provide 10 to > 75 % of the total organic input (Webster & Benfield 1986) . But large lakes, like Lake Constance, have relatively smaller leaf litter inputs compared to rivers and streams, and in precipitous littoral regions leaves are probably drifting into deeper regions. Although leaf litter input may not represent an important process on the ecosystem scale in large lakes, leaves play a significant role on the local scale in the littoral zone of large lakes. Littoral communities contain a significant proportion of shredders (Mortl 2004 ) like gammarids, and in the littoral of Lake Constance patches of leaf litter are found, where the litter is processed by invertebrates e.g. gammarids.
In conclusion, we have shown that even on highly preferred conditioned leaf litter, fungi and oomycetes can have either neutral, positive, or negative effects on the food preference of gammarids for the leaves. This implies that not fungal biomass in general but the relative abundance of such strains may determine the relative consumption of conditioned leaves by G. roeselii and thus the rate of leaf litter decomposition in the littoral.
